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1. INTRODUCTION
11 SCOPE OF THE DOCUMENT

This document describes the models and methodologies utilized to verify by analysis the structural requirements of
the L-TOF assembly.

The result of these analyses will demonstrate that L-TOF assembly is compliant with all structural requirements:
- The first natural frequency greater than 50Hz (AD 1) (see Chapter 7.3.1 ).
- All the MoS of the structure positive, under applicable design loads (see Chapters 9.2.20,9.3.7 and 9.3.8)

In the ANNEX 3 Fracture Classification table for AMS-02 L-TOF is presented
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2. RELEVANT DOCUMENTS
2.1 APPLICABLE DOCUMENTS
AD #(ID) Doc Number Issue Date Rev Title
AD1 |JSC-28792 ggggsh C |AMS-02 STRUCTURAL VERIFICATION PLAN
AD 2 e MEMORANDUM: LTOF Strut Loads from the AMS-02 DGLA Cycle 1
2.2 REFERENCE DOCUMENTS
RD # (ID) Doc Number Issue Date Rev Title
1 Metallic Materials and Elements for Aerospace Vehicle
RD. 1 MIL-HDBK-5 H Dec, 1998 Structures
RD. 2 LMSO bolt verificaticn guidelines
Safety policy and requirements for payloads using the space
RD. 3 NSTS 1700.7B 13/01/89 lansmartaiien Sysiom
RD. 4 B3 1;8%78 =S Dec, 1995 Safety Policy and Requirements
RD. 5 NTS08307 July 6,1998 | A [Criteria for preloaded balt
RD. 6 June, 1973 E. F. BRUHN — Analysis Design of Flight Vehicle Structures
RD.7 |ESA PSS-03-1202 1 | March 1987 Insert Design Handbook
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3. LTOF POSITION

Iin the following figure the position of the Lower TOF in the AMS-02 Exploded view is presented.

LOWER TOF

| T%wmullimeiem
- T v

Fhatomuilimeters
Lead / Fiber Pancake

Figure 3-1: Exploded view of AMS-02 subcomponents
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4. VERIFIED ITEMS OF LTOF
In the following tables the verified items are showed:
L-TOF VERIFIED ITEMS LIST __ ) _
ITEM PART NUMBER MATERIAL | FAILURE MODE RE':,EA‘:;ESCE
BEAM A ams TOF 04-01-001 LT | Al7075 77351 |-Strenath (part + lugs) 52
Buckling 101
BEAM B ams TOF 04-01-002 LT | AI7075T7351 [=ienath (part + lugs) 53
Bucgkling 9.4 101
CORNER BEAM ams TOF 04-01-003LT | AI7075T7351 [-Stength (part +jugs) 54
Buckling 101
UPPER BRACKET ams TOF 04-01-021 LT | AI7075T7351 |oirength (part + lugs) 54
Buckling 101
LOWER BRACKET ams TOF 04-01-020 LT | AI7075T7351 |->trength (part +lugs) 55
Buckling 101
ams TOF 04-01-018 LT Strength {part + lugs) 55
INTERNAL BRACKET o TOF oao ey | 7075 17351 = —
ams TOF 04-04-01-001 LT Strength (part + lugs) 56
RODS ams TOF 04-01-02-001 LT| Al 707577351 Buckling 101
ams TOF 04-02-001 LT Sirength (part + lugs) 57
HONEYCOMB SKINS o TOF O4oora 1 | Ar2024781 —9—(Buck“ng e
ams TOF 04-01-011 LT Strenath 82
SENSOR BOXES BRACKETS | ams TOF 04-01.010 LT 2
PLATE ams TOF 04-01-009 LT o -
ams TOF 04-01-008LT | , oo r ey uexling
ams TOF 04-01-007 LT T
ams TOF 04-01-006 LT
el Bogf: BRACKETS | s TOF 04-01-005 LT Maximum Combined 62
ams TOF 04-01-004 LT
ams TOF 05-01 UT Strength 63
PMT HORIZ SUPPORT A TOF o3 T MAKROLON i =
ams TOF 02-001 LT
ams TOF 02-002 LT
SENSOR BOXES iy ect | CFRP Strenglh 64
ams TOF 01-01-001 LT
SCINTILLATORS COVERS TBD CFRP Strength 66
ams TOF 05-05-001 UT
ams TOF 05-05-002 UT
ams TOF 05-05-003 UT
BOXES/PMT SUPPORT | 2Mms TOF 03-08-008 T CFRP Strength 68
ams TOF 05-05-005 UT
ams TOF 05-05-006 UT
SCINTILLATORS SUPPORTS TBD CFRP Strength 70
HONEYCOMB CORE ams TOF 04-02-003 LT | core-AL 5052 |Sandwich Verification 73
ROD END TBD NA Strength, Maximum 99
Comblned
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L-TOF VERIFIED ITEMS LIST
ITEM PART NUMBER MATERIAL FAILURE MODE REFERENCE

JOINT 1 NAS 1351 -5 Strength, bearing 81
JOINT 2 NAS 13581-6 Sfrength, bearing 84
JOINT 3 NAS 1351 -4 Strength, bearing 87
JOINT 4 NAS 1351 -4 Strength, bearing a0
JOINT 5 M3 Strength, bearing 94
JOINT 6 NAS 1351 -6 Strength. bearing 99

FAILURE | VERIFICATION APPLIED

Von Mises on shell
Strength Maxnmum combined Ol:l bar
Tsay Hill on composite
IMaximum combined and separation on bolf
Buckling Local Buckling
Combined Load Strength
Sandwich :
Verification Intracell Buckling
Wrinkling
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5. L-TOF MODEL DESCRIPTION

In the following image a view of the entire L-TOF FE model is presented.

Figure 5-1: General view of L-TOF

In the following chapters the structural Finite Element Model is described (the model used is “LTOF_040518.bdf").
5.1 USED SOFTWARE

The software used for FEM pre and post processing is MSC/PATRAN 2003r2.
The software used for Finite Element analysis is MSC/NASTRAN V2001.

5.2 MODEL UNITS

Default FEM units (otherwise specified) are:

— Length [rn]

— Masses [Kg]

— Forces [N]

—  Moments [Nm]

- Material densities [Kg/m?)
- Young's modules [N/m?]
~  Stresses [N/m?]
— Displacements [m]

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati,
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MODEL COORDINATE SYSTEM

53

For the L-TOF model, the AMS-02 coordinate system (Coord 11 in Figure 5-2) is used:
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Figure 5-2: AMS-02 coordinate system

In the following figure two views of the position of the AMS-02 CoG are presented:
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Figure 5-3: AMS-02 coordinate system
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54 MODEL MATERIALS
In the following tables

+ the properties of each material
¢ the items made of each material

e the corresponding NASTRAN card

are shown.

5.41 AL7075T7351

7075 Aluminium Alloy
Source MIL-HDBK-5H
Specification GilAF@H7S and
AMS-QQ-A-250/12
Form Plate
Temper T7351
Thickness [in] 0.250 - 0.499
Mechanical Properties
[MPa] [ksi]
Ftu 468.84 68
Fty 393.00 57
Fcy 386.11 56
Fsu 262.00 38
Fbru 703.27 102
Fbry 544.69 79
E 71016 10300
Physical Properties
Jkg/m*] [ib/in®]
P 2796 0.101
v 0.33
Table 5-1 AL 7075 T7351 properties

NASTRAN CARD:: | MAT1 3 7.1+10 2.67+10 .33 2796.
Brackets
ITEMS: Extensions
Box supports

Table 5-2 AL 7075 77351 in FE model
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5.4.2 AL 2024 T81

2024 Aluminium Alloy
Source MIL-HDBK-5H
Specification AMS-QQ-A-250/4
Form Sheet
Temper T81
Thickness [in] 0.010-0.249
Mechanical Properties

[MPa] [ksi]
Ftu 461.95 67
Fty 398.90 58
Fcy 399.90 58
Fsu 275.79 40
Fbru 689.48 100
Fbry 572.26 83
E 72395 | 10500

Physical Properties

[kg/im’] | [Ib/in®]
p 2768 0.1
v 0.33

Table 5-3 AL 2024 T81 properiies

NASTRAN CARD: |MAT1 1 7.24410 2.72+10 .33 2796.

ITEMS: Honeycomb skins

Table 5-4 AL 2024 T81 in FE modsl

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutti i diritti sono riservati.
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543 CFRP
CFRP
Source Vendor data Sheet
Specification fiber T 300
Form Plain Weave fabric
Temper -
Thickness [in] 0.010 +/- 10%
Mechanical Properties
[MPa] [ksi]
Ftu 850 123
Fcu 700 102
Fsu 105 15
Et 75000 10878
Ec 70000 10153
Ebend 250 138
G 12000 9900
Physical Properties

[kg/m*] [1bfin*]
p 1400 0.051
v 0.28

Table 5-5: CFRP in FE mode!
NASTRAN CARD: |MATS 5 7.+10  7.410 .28 1.2+410 1.2+10 1.2+10 1400.
-2.-6 ~2.-6 20.
Sensor boxes
ITEMS: Scintillators skins
Box supports

Table 5-6: CFRP in FE model
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5.44 PLEXIGLAS

SOURCE MATWEB

E=7.0E+9 Pa
PROPERTIES: |[v=04
p= 1150 kg/m®
ITEMS: Scintfllators core
NASTRAN CARD: |MATI1 7 7.+9 2.5+9 .4 1150.

Table 5-7: Plexiglas in FE model

5.4.5 AEROWEB 5052 ALUMINIUM ALLOY - 1.8-3/4-25

AEROWEB 5052 - 1.8-3/4-25
Source HEXCEL CATALOG
Material 5052 Aluminium Alloy
Form Hexagonal cell Honeycomb
Cell size [in] ¥4
Nominal foil thickness [in) 2.50E-03

Mechanical Properties
[MPa] [ksl]
Fty (L direction) 0.74 0.11
Fty (W direction) 0.46 0.07
E11 0.2 0.03
E22 0.2 0.03
E33 215 31.18
G13 182 26.40
G23 96 13.92
G12 0.1 0.02
Physical Properties
[ka/m?] [1b/in’]
28.83 0.001
Table 5-8: AeroWeb 5052 aluminum alloy — 1.8-3/4-25

NASTRAN MATS 6 200000. 200000.
CARD: 2.15+8
1.82+8 9.6+7 100000, 35.3063
) Honeycomb core internal
ITEMS: PMT supports core

Table 5-9: AeroWeb 5052 aluminum alloy — 1.8-3/4-25 in FE model
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5.46 AEROWEB 5052 ALUMINIUM ALLOY —4.5-1/8-10
AEROWEB 5052 - 4.5-1/8-10
Source HEXCEL CATALOG
Material 5052 Aluminium Alloy
Form Hexagonal cell Honeycomb
Cell size [in] 1/8
Nominal foil thickness [in] 1.00E-03
Mechanical Properties
[MPa] [ksi]
Fty (L direction) 2.3 0.33
Fty (W direction) 1.5 0.22
E11 0.2 0.03
E22 0.2 0.03
E33 1034 149.97
G13 483 70.05
G23 214 31.04
G12 0.1 0.01
Physical Properties
[ka/m*] [ib/in®]
p 72 0.0026
Table 5-10: AeroWeb 5052 aluminum alloy — 4.5-1/8-10
NASTRAN MATS 9 400000, 400000.
CARD: s
4.B+8 2.14+8 200000. 35.3063
ITEMS: Honeycomb coreexternal
Table 5-11: AeroWeb 5052 aluminum alfoy — 1.8-3/4-25 in FE model

5.4.7

MAKROLON

MAKROLON
Source BAYER PLASTIC
Specification makrolon 1232
|Speciality grades Blow molding
Mechanical Properties

[MPa] [ksi]
Flu NA NA
Fty 60 8.75
E 2350 | 3408

Physical Properties

[kn/m®] | Dbiin%)

h 1200 0.043
Table 5-12: MAKROLON
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5.4.8 DUMMY STEEL FOR BOLTED CONNECTIONS

A dummy material with reference properties of steel is used for beam elements that represent bolted connections:

T he corresponding NASTRAN BULK data card is:

MAT] 4 2.01+411 7.67+10 .31 7944.

5.5 FE MODEL DESCRIPTION

Im this chapter the components of L-TOF Finite Element Model are presented:

GRID POINTS 28678
ELEMENTS
CBAR 1342
CBUSH 12
CHEXA 4828
CONM2 76
CPENTA 12
CQUAD4 21725
CTRIA3 680
RBE2 665
Table 5-13: Modef summary

L-TOF NASTRAN model subcomponents are presented in the following chapters:

MAIN STRUCTURE

BEAM A

BEAM B

CORNER BEAM

USS UPPER BRACKET

USS BRACKET

INTERNAL BRACKETS
RODS

AEROGEL

HONEYCOMB SKINS
SENSOR BOXES

SENSOR BOX BRACKETS
PMTS AND PMT SUPPORTS
SCINTILLATORS
SCINTILLATORS SUPPORTS

CO0O00000DO0O0O0DOO0OCOO0OOO0
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5.5.1 MAIN STRUCTURE

The main structure of the L-TOF is presented in the following figure:

Material AT 7075 T7351, dummy steel
Thickness range [m] [0.002, 0.025]
FEM elements Shell, bar, solid, RBE2

Figure 5-4: Main structure

In the following chapters the subcomponents are presented:

5.511 BEAMA

Material AL 7075 T7351
Thickness range [m] [0.002, 0.010]
FEM elements Shell

Figure 5-5: Beam A
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5.512 BEAMB

Material AL 7075 T7351
Thickness range [m] | 0.004
FEM elements Sheil

Figure 5-6: Beam B

5.5.1.3 CORNER BEAM

Material AL 7075 T7351
Thickness range [m] | [0.004, 0.006]
FEM elements Shell

Figure 5-7: Corner beam
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5514 USS UPPER BRACKET LOWER TOF

Material AL 7075 T7351
Thickness range [m] |[0.010, 0.025]
FEM elements Shell

Figure 5-8: USS upper bracket lower tof

5.5.1.5 USS BRACKET LOWER TOF

Material AT 7075 T7351
Thickness range [m] [0.006, 0.010]
FEM elements Shell

Figure 5-9: USS bracket lower tof
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5.5.1.6 INTERNAL BRACKETS

S ]
pEEyEEsy

TS

Material AL 7075 T7351
Thickness range [m] | [0.005, 0.010]
FEM elements Shell, solid

Figure 5-10: Intemmal brackels

5.5.1.7 RODS

Material AL 7075 T7351
Thickness range [m] [Diameter 28.575mm, Thickness 1.25mm]
FEM elements Bar

Figure 5-11: Rods
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5.5.2 AEROGEL

CFRP

[0.0015, 0.0035]

Material

Thickness range [m]

Figure 5-12: Aerogel
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5.5.3 HONEYCOMB CORE
5.5.4 HONEYCOMB SKINS
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5.5.5 SENSOR BOXES
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Shell

Material

Thickness range [m]
FEM elements

Figure 5-15: Sensor boxes
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5.5.6 SENSOR BOX BRACKETS

Material CFRP, AL 7075 T7351
Thickness range [m] | [0.0075, 0.010]
FEM elements Shell, bar

Figure 5-16: brackets that fix Sensor boxes fo the structure
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5.57 PMTS AND PMT SUPPORTS

Material CFRP, honeycomb, NSM
Thickness range [m] [0.003, 0.006]
FEM elements Shell, CONM2

Figure 5-17: PMTs and PMT supports
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5.5.8 SCINTILLATORS

The scintillators are shown in the following figures:

CARBON
PLEXIGLAS FIBER

Figure 5-18: Plexiglas and carbon fiber

Material CFRP, Plexiglas
Thickness range [m] 0.011
FEM elements Shell

Figure 5-19: Scintillators
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5.59 SCINTILLATORS SUPPORTS

The scintillators supports of L-TOF are shown in the following figure:

For detailed analysis of the components see 8.2.13
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Figure 5-20: Scintillators supports
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5.6 MODEL BOUNDARY CONDITIONS

The L-TOF external structure is connected to the USS through 24 NAS 1351-4 bolts and 12 NAS 1351-6 bolts. In
the Finite Element Model, the Single Point Constraint (SPC) bulk data card has been used at the end of the bolts,
leaving unconstrained the rotational Degrees of Freedom (DoFs).

NAS 1351-6 BOLTS

NAS 1351-4 BOLTS

Figure 5-21: Model! boundary conditions
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5.7 MODEL MASS BUDGET

T he mass of the model is without any contingency.

ITEM CAD MASS [kg] |FEM MASS [kg] REMARKS

RODS 1845 1845

E RING 24,49 2449

SUPPORT BOXES 2.88 2.88

S [ PLATE HONEYCOMB 587 5.87

— = HONEYCOMB 3.26 3.26

al 2 INSERTS 2.92 2.92

) E PMT SUPPORTS 1.49 1.49

g 59.35 59.35

21 .. | sovriiators 39.56 39.56
wile

§ g | BOXES 13.31 13.31
= |

%‘ E ‘ PMT 22.11 22.11

E 74.97 74,97

% AEROGEL 13.83 13.83

& 13.83 13.83

TOTAL MASS 148.15 148.15

Table 5-14: Model mass budget
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5.8 MODEL CHECK
5.8.1 MODEL SIZE AND GEOMETRY

In the following tables the summary of the check runs that verify the mathematical correctness of the assembly
model is shown:

MATHEMATICAL MODEL VERIFICATION RESULTS
GEOMETRY CHECK

MODEL FILE NAMES :
LTOF_040518.bdf

RUN FILE NAMES
LTOF 040518 constrain.dat, LTOF param.blk

MODEL UNITS
Length=m, mass=Kg, density=Kg/m*3, Young mod.=N/m”2, Stress=N/m"2, Deformation=m, Strain En=N*m=Joule.

MODETL SUMMARY

NUMBER OF GRID POINTS = 28676
NUMBER OF CBAR ELEMENTS = 1342
NUMBER OF CBUSH ELEMENTS = 12
NUMBER OF CHEXA ELEMENTS = 4828
NUMBER QF CONM2 ELEMENTS = 76
NUMBER OF CFPENTA ELEMENTS = 12
NUMBER OF CQUAD4 ELEMENTS = 21725
NUMBER OF CTRIA3 ELEMENTS = 680
NUMBER OF RBE2 ELEMENTS = 665

ELEMENT GEOMETRY TEST RESULTS SUMMARY
TOTAL NUMBER OF TIMES TOLERANCES WERE EXCEEDED

ASPECT/ MINIMUM MAXTMUM SURFACE/FACE EDGE POINT JACOBIAN
ELEMENT TYPE SKEW ANGLE TAPER BATIO INTER. BNGLE INTER. ANGLE WARP FACTOR OFFS5ET RATIO LENGTH RATIO DETERMINANT
BAR N/A N/R N/B N/A N/A ¢] N/A N/A
HEXA N/A 0 N/R N/A 0 N/A 0 D
PENTA N/A 0 N/R N/A 0 R/A 0 0
QUAD4 94 435 577 611 0 N/A N/A N/R
TRIA3 10 N/A N/R 0 N/A N/A N/A N/A

N/A IN THE ABOVE TABLE INDICATES TESTS THAT ARE NOT APPLICABLE TO THE ELEMENT TYPE AND WERE NOT FERFORMED.
FOR ALL ELEMENTS WHERE GEOMETRY TEST RESULTS HAVE EXCEEDED TOLERANCES,

QUAD{ ELEMENT ID 10150 PRODUCED SMALLEST SKEW ANGLE OF 12.40 (TOLERANCE = 30.00).
QUAD{ ELEMENT ID 28121 PRODUCED LARGEST TAPER RATIC oF 0.69 (TOLERANCE = 0.50) .
QUAD{ ELEMENT ID 10150 PRODUCED SMALLEST INTERIOR ANGLE OF 9.36 [TOLERANCE = 30.00} .
QUAD4 ELEMENT ID 28141 PRODUCED LARGEST INTERIOR ANGLE OF 171.63 (TOLERANCE = 150.00}) .
TRIA3 ELEMENT ID 22941 PRODUCED SMALLEST SKEW ANGLE OF 5.10 (TOLERANCE = 10.00}) .

Table 5-15: FEM Geomelry Check
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5.8.2 FREE-FREE AND HARDMOUNTED MODES

MATHEMATICAL MODEL VERIFICATION RESULTS
MASS PROPERTIES, FREE-FREE MODES, HARDMOUNTED MODES

MODEL FILE NAMES
LT OF_040518.bdf
RUN FILE NAMES
LTOF_040518_modal_free.dat, LTOF _040518_constrain.dat, LTOF_param.blk
MODEL UNITS
Lengthem maes=Kg, density=Kag/m*3, Young mod.=N/m*2, Stress=N/m*2, Deformation=m, Straln En=N*m=Joule.
PARAMETERS: PARAM,PRGPST,NO
PARAM,COUPMASS.0
PARAMPOST,0 PARAM GRDOPNT,O
PARAMPRTMAXIM,YES PARAM,K6ROT,1.
PARAMAUTOSPC,YES PARAM,WTMASS 1.
OCUTPUT FROM GRID POINT WEIGET GENERATOR
REFERENCE POINT = 0
MO
+ 1.401494E+02 ©,000000E+00 0.000000E+00 0.00D000E+0C -1,086284E402 5,377691E+00 +
* 0.00CO0DE+00 1.481494E+02 0.000000E+00 1.056284E+02 0.000000E+00 -2,858484E+00 *
# 0.000DODE+DQ ©,000000E+00 1.4B1494E+02 -5.37TE91E+00 2.BSB4BAE+00 C.0000DOE+00 *
* 0.000000E+00 1,056284E+02 -5.377691E+00 1.115560E+02 -B,TAETYZE-02 -2,109423E+0D +
* -1,056284E+02 ©.000000E+00 2.B984B4B+00 -B.735792E-02 1.120731E+02 -3,B455958+00 +
* 5.377691E+00 —2,898484E+00 0.000000E+00 -2.109423E+00 -3,049595E+00 &.993P0EE+01 &
8
. 1, 0E+00 O, OE+00 O, DE+0D *
*  0.000000E+00 1.00CD00B+00 0.COOOD0E+Q0 *
+  0_000000E+00 0.DDODCOE+00 1.000DODOE+00 +
MASS DIRRCTION
PROPERTIES MASS AXIS SYSTEM (8) MASE X—C.G. ¥-C.G. Z-C.G,
X 1.481454E+02 0.00C00OE+00 ~3.623910E-02 -7, 129858E-01
Y 1.4P1494E+02 -1.956460E-02 0.00D000E+00 -7.12985BE-01
z 1,481494E+02 -1.9564608-02 -3,6209910E-02 0.00000DE+0D
1(8}
*  3,604P99E+01 ~1.7054432-02 4.2B4460E-02
+ -1,7654438-02 3.£70462E+01 1.537750E-02 *
¥  4,20446BE-02 1,537750E-D2 6,96B716E+0L *
I
+ 3 _ET05I0E+01 *
. 3,604 945E+01 *
" 6.968723E+01 +
Q
% -2,720242E-02 ~9,996291E~D1 1.2B6424E-03 *
* -9.996298E-01 2.720304B-02 4.665839E-04 +
# -5_014055E-04 -1.273255E-03 -9.999990E-01 +
MODE  EXTRACTION EIGENVALUE RADIANS CYCLES
1 1 -4.293683E-06 2.072120E-03 3.297882E-04
2 2 -1,B56150E-06 1.362406T-03 2,168336E-04
3 3 -6.469167E~07 8.055537E-04 1.282076E-04
RIGID BQDY a 4 ~5,891527E~07 7,67562BE-04 1.221614E-04
NORMAL MODE 5 5 -1.319769E-07 3.632063E-04 5,781860E-05
CHECK 3 & 4.3766178-07 6.615600E-04 1.052905E-04
7 7 4.515175E-07 6.719505E-04 1.068442E-04
8 [ 6.144526E-07 7.838702E-04 1.247560E-04
9 8 1.2009598-06 1.0958838-03 1.744151E-04
10 10 5.980666E+03 7.733476E+01 1.230621E+01
REAL EICGENVALUEE
MODE  EXTRACTION EIGENVALIE RADTIANE cYCLES
1 1 5.5433448+03 7.4452364T+01 1,184966K+01
2 2 6.763689E+03 8.236436E+01 1.310870E401
HARDMOUNTED : A 3.s2758m004 2 ssaaeitioz SehTRre
o +! - . +
NORMAL MODE 5 5 5.593894E+04 2.365141B+02 3.764240E+01
CHECK 6 6 5,768690E+04 2,401B10B+02 3.822599E+01
7 7 6.040279E+04 2.45T698E+02 3,911547E401
8 a 5.246653E+04 2,499331E+02 3.977808E+01
] 5 7.823571E+04 2.797065E+02 4.451667E+01
10 10 8.133451E+04 2.6851527E+02 4.538984R+01

Table 5-16: FEM mass properties, free-free modes, hardmounted modes
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5.8.3 1GCHECK
MATHEMATICAL MODEL VERIFICATION RESULTS ]
1g CHECK
MODEL FILE NAMES :
LTOF 040518.bdf
RUN FILE NAMES
LTOF_subcases_1gchk.blk, LTOF grav_1igchk.blk, LTOF_param.blk, LTOF 040518 ig.dat,
PARAMETERS: PARAM,PRGPST,NO
PARAM,COUPMASS,0
PARAM,POST,O PARAM,GRDPNT,0
PARAM,PRTMAXIM,YES PARAM,K6ROT 1.
PARAM,AUTOSPC,YES PARAM,WTMASS 1.
OLOAD RESULTANT
T1 T2 T3 Rl R2 R3
UNITY GRAVITY | 10001  1.453346E+03 0.000000E+00 0.0000C0E+0C¢ 0.000000E+00 -1.036215E+03 5.275515E401
LOADING 10002 0.000000E+00 1.453346E+03 0.000000E+00 1.036215E+03 0.000000E+00 —2.843413E+01
CHECK(COORD 10003 0.000000E+00 0.000000E+00 1.453346E+03 -5.275515E+01 2.843413E401 0.000000E+00
0)M=148.15 SPCFORCE RESULTANT
Kgg=9.81Fxyz=1 T1 T2 T3 R1 R2 R3
453.35N 10001 -1.453346E+03 -2.050626E-10 1.290754E-10 -1.164153E-07 1.036215E403 -5.275515E+01
10002 -3.652385E-10 -1.453346E+03 -1.848237E-10 -1.036215E+03 5.308539E-08 2.843413E+01
10003 2.145648E-10 -1.058953E-10 -1.453346E+03  5.275515E+01 -2.B43413E+01 —6.705523E-08
LOARD SEQ. NO. EPSILON EXTERNAL WOREK
1 -2.3627894E-12 5.41B5241E-02
EPSILON 2 -6.6241999E-13 3.1549722E-02
3 -1.5311575E-12 9.2123844E-02
Table 5-17: FEM 1g check
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5.84 STRAIN ENERGY CHECK

MATHEMATICAL MODEL VERIFICATION RESULTS
STRAIN ENERGY CHECK
MODEL FILE NAMES :
LTOF_040407.bdf
RUN FILE NAMES
LTOF_040518_strain_energy.dat, LTOF_param.blk
COMAND:
GROUNDCHECK(SET=ALL,THRESH=1.E-3)=YES
PARAMETERS: PARAM,PRGPST,NO
PARAM,COUPMASS,0
PARAM,POST,0 PARAM,GRDPNT,0
PARAM,PRTMAXIM,YES PARAM,K6ROT,1.
PARAM,AUTOSPC,YES PARAM,WTMASS 1.
RESULTSE OF RIGID BODY CHECKE QF MATRIX RGG {G-8ET) FOLLOW:
PRINT RESULTE IN ALL SIX DIRECTIONS AGAINST THE LIMET OF 1.000000E-03
DIRECTION STRAIN ENERGY PABE/FAIL
i "2.405593K-05 Pass
2 1.372502E-05 PASE
k] 5.223730E-05 PAss
4 7.452529E-07 PASS
5 1,606411E-05 PASE
[] 1.533024E~05 PASS
RESULTS OF RIGID BODY CHECKS QF MATRIX KNN (N=-8ET) FOLLOW:
PRINT RESULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-03
DIRECTIGNH STRAIN ENXRGY PASS/FAIL
“-1“““ “2-.-3-5-11193-05 PA3S3 )
2 8,571646E-06 PARE
3 5.115501E-05 PAsE
4 2.696623E-06 PASSH
5 7.812814E-08 PASS
STRAIN ENERGY 6 1.490704E-05 PASS
C?E(]:K RESULTS OF RIGID BODY CHECKS OF MATRIX KNN+AUTO (N+AUTOSPC-BET) FOLLOW:
FRINT REEULTS IN ALL SIX DIRECTIONS AGATNST THE LIMIT OF 1.000000E~03
DIRECTICN STRAIN ENERCY PABS/FAIL
U "2.3511492-05 vass
2 B.571646E-06 PASE
3 5.,115501E=-0% PASS
4 2,6966Z3E-06 PASS
5 ‘7.812B14E-06 PASS
6 1.490704E-05 PASS
RESULTS OF RIGID BODY CHECKS OF MATRIX KFF {F=-SET) FOLLOW:
FRINT REBULTS IN ALL SIX DIRECTIONS AGAINST THE LIMIT OF 1.000000E-03
DIRECTION STRAIN ENERGY PASH/FAIL
———1 —————— 2,35114%E-05 PASH
2 B.571646R-06 PASH
3 5.115501E-05 PASE
4 2.696623E-08 PASH
5 7.812014B~06 PASH
6 1.490704E-05 PASSH
Table 5-18: FEM Strain Energy check
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6. DIMENSIONING LOADS

The dimensioning loads are based on the results of the CLA performed by LMSO (and provided by the mail
“lotfinterface2-041.xls"), using the FEM Model of the entire AMS-02. The Dimensioning Loads used (series 1000,
2000 and 4000} are composed by both inertial loads and enforced displacement of the constraints. In the following
table the set of the load cases used for the analysis is presented: in the first table the entire set is showed with the
inertial loads applied; in the second table the enforced displacements of load case 4001 are presented.

Load Case Nx (g) Ny (g) Nz (g) Rx (rad/sec*2) | Ry (rad/sec*2) | Rz (rad/sec*2)

+3.7 +1.4 +1. . g .
1001-1064 14 *4:5 84 +3.9

-0.4 -1.6 -15 -4.1 -11.0 -4.1

+1.2 +0.7 +2.1 +5.2 . .
2001-2064 0.7 +6.0

-1.3 -0.6 -56 -4.7 -13.9 -4.8
40014064 +1.7 +1.1 +2.7 +12.5 +14.7 +12.1

-2.0 -1.1 -7.4 -11.1 -18.1 -10.0

Table 6-1: Applied set of load cases

Sets 1000 and 2000 are applied in AMS-02 center of gravity in launch configuration.
Set 4000 is applied in AMS-02 Center of gravity in landing configuration (with empty tank)
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LOAD CASE 4016 DISPLACEMENTS
GRID Tx[m] | Ty[m] Tz[m] | Rx[rad] | Ry [rad] | Rz [rad]
160001 | -0.00223 | -0.00729 | -D.00474 2 0.00224 -
160002 | -0.00229 | -0.00729 | -0.00501 - 0.00361 -
160003 | -0.00234 | -0.0073 -0.00528 - 0.00536 i
160004 ] -0.00548 | 000322 | -0.00354 £ 0.00021 -
160005 | -0.00559 | 0.00322 | -0.00386 - 0.00096 -
160006 -0.0057 | 0.00323 | -0.00419 - 0.00185 -
160007 | 0.00608 | -0.00296 -0.0003 - -0.00139 2
160008 | 0.00605 | -0.00296 | -0.00012 - -0.00126 -
160009 | 0.00603 | -0.00296 | 0.00006 - -0.00111 -
160010 0.0036 0.00539 0.00177 - -0.00445 -
160011 0.00362 | 0.0053g 0.00186 - -0.00451 2
160012 | 0.00364 | 0.00539 0.00194 — -0.00457 -
160013 | 0.00838 | 0.00147 | -0.00317 | -0.00225 | -0.00083 0.00005
160014 | 0.00919 | 0.00106 | -0.00235 | -0.00066 | -0.00258 | -0.00038
160015 | 0.00845 | 0.00115 | -0.00114 | -0.00075 | -0.00395 | 0.00108
160016 | 0.00917 0.0012 -0.00019 | -0.00095 | -0.00418 | -0.00067
Table 6-2: Load case 4016 displacements
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7. DIMENSIONING RULES
7.1 SAFETY FACTORS

The L-TOF system has to show positive MoS applying the following SF:

SAFETY FACTORS Yield Ultimate
Metallic structures 1.25 2.0
Non metallic structures NA 20
Fasteners (Nominal) 1.25 20
Joint separation 1.2 NA
Joints fitting factor 1.15 1.15
Buckling NA 2.0
Sandwich verification NA 2.0
Fasteners (Fail Safe) NA 1.0

Table 7-1: Safety Factors for structure

7.2 TEMPERATURE DERATING FACTOR

For all the material the temperature degradation factor is considered, as per RD 1 at 60°C (140°F) (landing
temperature) the worst temperature degradation factor for the material is 6% with respect to the material nominal
mechanical characteristics. This temperature degradation factor is applied to all the material.

7.3 MARGINS OF SAFETY FOR STRUCTURE

The MoS is defined as;:
]

MoS, =—~X—-10 for the yield strength, and
SF, Y " Fioad

MoS,, = z -1.0 for the ultimate strength, where:
SFy - tosa

- oy the yield strength of the material,

= oy the ultimate strength of the material,

- SFy the safety factor for yield strength,

- SFy the safety factor for ultimate strength,

- Oiead the maximum Von Mises equivalent stress due to external loads.

The MoS for stresses indicates the amount by which the allowable stress, defined by the material characteristics,
exceeds the actual stress due to the applied loads, taking into account the applicable SF, defined in Chapter 7.1 .

It is required that MoS are positive for all load cases, for all structural elements.
Additional MoS can be defined to evaluate margins for generic results,

A
MoS =—2— _1.0
> ~5FB

- A allowable
- B actual value
- SF applicable safety factor

It is required that Margins of Safety are positive for all load cases and operative conditions, for all elements.
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7.3.1 TSAI HILL VERIFICATION

For the CFRP plates, TSAI HILL verification for composite materials is used:

2 2
TSAI HILL VERIFICATION: ,{/"* 'SF); _©xSF)0,:SF) [8, SF) [y SE

)
+ + /<1
Fu ) % CFR )P )
7.3.2 SANDWICH VERIFICATION

According with chapter 12 of Bruhn (RD. 4), sandwich verification is performed (combined load strength, intracell
buckling and wrinkling); in ANNEX 2 the example of the honeycomb verification is presented.
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8. DYNAMIC ANALYSIS
In this section, results in terms of frequencies, mode shapes and effective masses are included.
8.1 EIGENFREQUENCIES AND MODE SHAPES

In the following tables the modes with associated mass greater than 5% of the constrained L-TOF system are
shown.

% EFF. MASS
MODE 1 FREQ [Hz] X DIRECTION | Y DIRECTION | Z DIRECTION
12 46.6 6.3% <1% <1%
24 4.1 33.1% <1% 11.3%
25 54.8 9.8% <1% 21.5%
34 58.1 5.1% <1% < 1%
72 74.9 <1% 9.5% <1%
80 79.4 <1% 8.5% <1%
81 80.5 < 1% 45.7% <1%

Table 8-1: L-TOF SYSTEM natural frequencies

In the following figures the shapes of the modes with effective mass greater than 5% are presented:

BAEC e T 3 iy 1R DR MO Fuwn TR 2 IT M B 1 ML TY
Fmpe 503 WODEL DATE 17 APR 10 Al bdocka 17 Frag = 059 £ 3 T Fampt A1 ML DATE 47 APP {04, A1 Miovin 15 Prog = 508 B
Thomrmm S0 WGIIEL DATE P APRIZ04 AY hiceig 12 Fragy = 4598 ExpuraepCion, T rpmmimbomal Dt 361 MOUEL DATE £7 APW 204 AT hicats 12 Firmy = 2L Eeguasogryn. T slawnat

+ N +

Figure 8-1: Mode 12 af 46.6 Hz
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Figure 8-4: Mode 34 at 5§9.1 Hz
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Figure 8-7: Mode 81 at 80.5 Hz
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8.2 EFFECTIVE MASS

Effective masses are reported in the following figures:

MODES
100% | —
- W% OF TOTAL MASS Nx | |l
B % OF TOTAL MASS Ny |
B % OF TOTAL MASS Nz | — —
= |
g 10% — — P
[ ] —
= ="
1% —
46.6 54.1 54.8 59.1 74.9 79.4 80.5
Fraq [Hz]
Figure 8-8: Effective masses for all axes
CUMULATIVE MASS
100%
90% £ ——#
80%
70% —ff——
£ 0% L
8 50%
2 0% —
. 2 = CUMULATIVE MASS Nx |
30% CUMULATIVEMASS Ny ——
20% _l CUMULATIVEMASS Nz
10%
0%
fTRR23RFEZg83YEE2dRERSSESOBRBENREY
Fraq [Hz]
Figure 8-9: Cumulative effective masses for all axes
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9. STATIC ANALYSIS

In the following sections, static analysis results are described for nominal configuration.

Four different types of analyses are performed:

9.1 DISPLACEMENT ANALYSIS

9.2 STRESS ANALYSIS
9.3 JOINT ANALYSIS

9.4 BUCKLING ANALYSIS

9.1 DISPLACEMENT ANALYSIS

The worst condition is for NODE 119348 for Load Case 4016,
The resulting displacement is 1.77E-2 m.
Following figure shows displacements for this subcase.
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Figure 9-1: Maximum displacement — Load case 4016

It has to be noted that this value of displacement is due both to deformation and to enforced displacement (see
table 6-2). In order to have a better understanding just of the deformation, a further piot is presented, where the
enforced displacement at node 160001 is subtracted to the total displacement an any node. In such a case the

node having the maximum displacement is NODE 119348. The resulting relative displacement is 1.75E-2 m.
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Figure 9-2: Relative displacement — Load case 4016
9.2 STRESS ANALYSIS

For each safety critical item the stress contour and MoS calculation is shown in the next pages.
The structure is divided in the following items:

9.2.1 BEAM A

922 BEAMB

8.2.3 CORNER BEAM

9.2.4 UPPER BRACKET

9.2.5 LOWER BRACKET

9.2.6 RING BRACKET

9.2.7 RODS

9.2.8 HONEYCOMB SKINS

9.2.9 INTERNAL HONEYCOMB SKINS
8.2.10 EXTERNAL HONEYCOMB SKINS
9.2.11 SENSOR BOXES BRACKETS PLATE
9.2.12 SENSOR BOXES BRACKETS BAR
9.2.13 PMT HORIZONTAL SUPFPORT
9.2.14 SENSOR BOXES

9.2.15 SCINTILLATOR COVERS

9.2.16 BOXES/PMT SUPPORT

9.2.17 SCINTILLATORS SUPPORTS
9.2.18 HONEYCOMB CORE INTERNAL
9.2.19 HONEYCOMB CORE EXTERNAL

Summary of stress analysis results are shown in 9.2.20 (MARGINS OF SAFETY).
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9.21 BEAMA

The worst condition is for ELEMENT 16297 for Load Case 4061 at Layer Z2.
The resulting Von Mises stress is: fy = 300 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-3: Beam A, Load Case 4061, Layer Z2

The high value of stress is due to the presence of the rigid connection elements. The VM verification is performed
erasing the elements near the connection and additional Bearing verifications (see 9.3.1 ) is performed using
connection bolt shear force.

The worst condition is for ELEMENT 16293 for Load Case 4061 at Layer Z1.
The resulting Von Mises siress is: fyy = 211 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-4: Beam A, Load Case 4061, Layer Z1

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
All information contained in this document are property of CARLO GAVAZZI SPACE SpA. All right reserved.




N oC  RICSYS-RP-CGS-012
' RICH SYSTEM

CAFLD QALTF) Ediz.: Data:
v Issue: 1 Date: 29/06/04
LOWER TOF STRUCTURAL ANALYSIS REPORT Pagina 53 di 114
CARLO GAVAZZI SPACE SpA Page of
9.2.2 BEAMB

The worst condition is for ELEMENT 15035 for Load Case 4062 at Layer Z2.
T he resulting Von Mises stress is: fyy = 234 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-5: Beamn B, Load Case 4062, Layer Z2

The high value of stress is due to the presence of the rigid connection elements. The VM verification is performed
erasing the elements near the connection and additional Bearing verifications (see 9.3.1 ) is performed using
connection bolt shear force.

The worst condition is for ELEMENT 14903 for Load Case 1056 at Layer Z2.
The resulting Von Mises stress is: fyy = 206 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-6: Beam B, Load Case 1056, Layer Z2
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9.2.3 CORNER BEAM

The worst condition is for ELEMENT 17785 for Load Case 4015 at Layer Z1.

The resulting Von Mises stress is: fyy = 76 MPa.
Following figures show stress distribution for this subcase.
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Figure 9-7: Corner beam, Load Case 4015, Layer Z1

9.2.4 UPPER BRACKET

The worst condition is for ELEMENT 2446 for Load Case 4031 at Layer Z1.

The resulting Von Mises stress is: fyy = 74 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-8: Upper bracket, Load Case 4031, Layer Z1
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9.2.5 LOWER BRACKET

T he worst condition is for ELEMENT 2111 for Load Case 4045 at Layer Z1.
The resulting Von Mises stress is: fyy = 69 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-9: Lower bracket, Load Case 4045, Layer Z1

9.2.6 RING BRACKET

The worst condition is for ELEMENT 14819 for Load Case 4028 at Layer Z2.
The resulting Von Mises stress is: fum = 92 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-10: Ring bracket, Load Case 4028, Layer Z2
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9.2.7 RODS
T he worst condition is for ELEMENT 4798 for Load Case 4031.
T he resulting stress is: f = 101 MPa.
F ollowing figure shows stress distribution for this subcase.
TPy 7531 2w 1604 1523 30
Fyiga AT LTS Al e
\"S';‘”‘ p \\
~. / \
fLesit
———

Figure 9-11. Rods, Load Case 4031
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9.28 HONEYCOMB SKINS

T he worst condition is for ELEMENT 4982 for Load Case 1017 at Layer Z2.
T he resulting Von Mises stress is: fyy = 44.8 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-12: Honeycomb skins, Load Case 1017, Layer Z2
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9.2.9 INTERNAL HONEYCOMB SKINS
9.29.1 XY XY STRESS COMPONENT FOR INTRACELL BUCKLING VERIFICATION

The worst combination of ox oy Txy is for ELEMENT 4952 for Load Case 1027.
The resulting of the components for this element are;

ox =-3.4 MPa.
oy = 26.8 MPa
Txy = 4.9 MPa.

Following figure shows stress distribution for. oy case. The max oy value correspond to element 4952
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Figure 9-13: Honeycomb skins, Load Case 1027
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9.29.2 XY XY STRESS COMPONENT FOR WRINKLING VERIFICATION

The worst combination of ox gy Txy is for ELEMENT 27498 for Load Case 4027
The resulting of the components for this element are:

ox = -25 MPa.
oy=-9.5 MPa
Txy = 6.9 MPa.

Following figure shows stress distribution for. ox case. The min oy value correspond to element 27498
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Figure 9-14: Honeycomb skins, Load Case 4027
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9.2.10 EXTERNAL HONEYCOMB SKINS
9.210.1 XY XY STRESS COMPONENT FOR INTRACELL BUCKLING VERIFICATION

T he worst combination of ox oy Txy is for ELEMENT 28156 for Load Case 4046.
T he resulting of the components for this element are:

ox =-31.7 MPa,
oy =-10.2MPa
Txy = -7.8 MPa.

Following figure shows stress distribution for. oy case. The min o, value correspond to element 28156
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Figure 9-15: Honeycomb skins, Load Case 4046
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9.210.2 XY XY STRESS COMPONENT FOR WRINKLING VERIFICATION

T he worst combination of ox oy 1xy is for ELEMENT 28156 for Load Case 4046,

T he resulting of the components for this element are;
ox =~31.7 MPa.

cy = -10.2MPa

Txy =-7.8 MPa.

Following figure shows stress distribution for. o case. The min o, value correspond to element 28156
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Figure 9-16: Honeycomb skins, Load Case 4046
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9.2.11 SENSOR BOXES BRACKETS PLATE

T he worst condition is for ELEMENT 21696 for Load Case 4058 at Layer Z2.
The resuiting Von Mises stress is: fym = 54 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-17: Sensor boxes brackets plate, Load Case 4058, Layer Z2

9.2.12 SENSOR BOXES BRACKETS BAR

The worst condition is for ELEMENT 22632 for Load Case 1028.
The resulting siress is: fuc = 123 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-18: Sensor boxes brackets bar, Load Case 1028,
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9.2.13 PMT HORIZONTAL SUPPORT

T he worst condition is for ELEMENT 21271 for Load Case 4054 at Layer Z1.
T he resulting Maximum Combined stress is: fyy = 28 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-19: PMT horizontal support, Load Case 4054
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9.2.14 SENSOR BOXES
9.214.1 X STRESS COMPONENT
The min o, condition is for ELEMENT 21043 for Load Case 4045 at Layer 3.
The resulting stress is: ox = 67 MPa.
Following figure shows siress distribution for this subcase.
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Figure 9-20: Sensor boxes X component, Load Case 4045, L ayer 3

9.214.2 Y STRESS COMPONENT

The max o, condition is for ELEMENT 21043 for Load Case 4032 at Layer 1.
The resulting stress is: oy = 68 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-21: Sensor boxes Y component, Load Case 4032, Layer 1
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9.214.3 XY STRESS COMPONENT

The max 1, is for ELEMENT 6935 for Load Case 1015 at Layer 3.
The resulting stress is; txy = 27 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-22: PMT horizontal support core, Load Case 1015, Layer 3
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9.2.15 SCINTILLATOR COVERS

9.215.1 X STRESS COMPONENT

The min &, condition is for ELEMENT 10150 for Load Case 4045 at Layer 1.

T he resulting stress is: ox = -8.4 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-23: Scintillator covers X component, Load Case 4045, Layer 1

9.2.15.2 Y STRESS COMPONENT

The max gy condition is for ELEMENT 10289 for Load Case 4032 at Layer 2.

The resulting stress is: oy = 8.9 MPa.
Following figure shows stress distribution for this subcase
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Figure 9-24: Scintillator covers Y component, Load Case 4032, Layer 2
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9.2.16.3 XY STRESS COMPONENT

The max 1 is for ELEMENT 10096 for Load Case 4028 at Layer 5.
T he resulting stress is: oxy = 2.3 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-25: Scintillator covers XY component, Load Case 4028, Layer 5
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9.,2.16 BOXES/PMT SUPPORT
9.216.1 X STRESS COMPONENT
The max o, condition is for ELEMENT 20967 for Load Case 4058 at Layer1

The resulting stress is: ox = 96 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-26: Boxes/PMT support X component, Load Case 4058 Layer!

9.2.16.2 Y STRESS COMPONENT
The min oy condition is for ELEMENT 21069 for Load Case 4045 at Layer3

The resulting stress is: oy = -120 MPa.
Following figure shows stress distribution for this subcase
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Figure 9-27: Boxes/PMT support Y component, Load Case 4045 Layer3
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9.216.3 XY STR

ESS COMPONENT

The min 1,y is for ELEMENT 20957 for Load Case 1024 at Layer1.
T he resulting stress is: oxy = -24 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-28: Boxes/PMT support XY component, Load Case 1024 Layer1
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9.2.17 SCINTILLATORS SUPPORTS
For the analysis of the scintillators supports the following method is used:
- Take the forces acting on the items that model the scintillators supports from the analysis
of the entire FEM (see chapter 9.3.5 ).
- Create a FE Model of the scintillators supports.
- Apply the forces to the new scintillators supports model.
- Verify the stress of the scintillators supports.
From the FEM analysis the forces obtained are:

- 212 N in axial direction
- 742 N in transverse direction

in the following figure the entire set of scintillators supports is presented:

Figure 9-29: Scintillator supports CAD Mode!

Every couple of Support there is the Scintillator Covers (made in CFRP); only a couple of them is verified: in the
following figure the FE Model of the couple scintillators supports is presented:
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Figure 9-30: Scintiflator supports FE Mode!
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The constrains model the connection between the two scintillator covers and the forces are applied uniformly on the
parts of the structure in contact with the two scintillators (see following figure). The forces acting on every parts of
the couple are: 212 axial and 742 transverse,
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Figure 9-31. Scintillator Supports Constrains And Applied Forces

The resulting X component stress for the min o, condition is: ox =120 MPa.
Following figure shows the deformation and the stress distribution.
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Figure 9-32: Scintillators support X component, element 1413
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The resulting Y component stress for the max o, condition is: oy = 210 MPa.
Following figure shows the deformation and the stress distribution.
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Figure 8-33: Scintillators support Y component, element 1027

The resulting XY component stress for the max 1y is: ey = 41 MPa.
Following figure shows the deformation and the stress distribution.
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Figure 9-34: Scintillators support X component, efement 361
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9.2.18 HONEYCOMB CORE INTERNAL

9.2.181 Z COMPONENT

T he worst condition is for ELEMENT 26681 for Load Case 4041.

The resulting stress is: oz = 0.11 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-35: Honeycomb core internal Z component, Load Case 4041

9.2.18.2 XZ COMPONENT

The worst condition is for ELEMENT 26433 for Load Case 1020.
The resulting stress is: 1xz = 0.0014 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-36: Honeycomb core internal XZ component, Load Case 1020
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9.2.18.3 ZY COMPONENT

T he worst condition is for ELEMENT 26683 for Load Case 4042

T he resulting stress is: 1zy = 0.13 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-37: Honeycomb core internal ZY component, Load Case 4042
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9.2.19 HONEYCOMB CORE EXTERNAL

9.2191 Z COMPONENT

The worst condition is for ELEMENT 26933 for Load Case 4045.

T he resulting stress is: oz = 0.4335 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-38: Honeycomb core external Z component, Load Case 4045

9.219.2 XZ COMPONENT

The worst condition is for ELEMENT 23819 for Load Case 1032,

The resulting stress is: txz = 0.0030 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-39: Honeycomb core extemal XZ component, Load Case 1032
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9.2.19.3 ZY COMPONENT

T he worst condition is for ELEMENT 26911 for Load Case 4058

The resulting stress is: tzy = 0.32 MPa.
Following figure shows stress distribution for this subcase.
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Figure 9-40: Honeycomb core external ZY componemt, Load Case 4058
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9.3 JOINT ANALYSIS

T he analysis of the joints shall be divided in five different kinds of connections:

8.3.1 JOINT 1: BRACKET-RING

9.3.2 JOINT 2: USS/U-BKT

9.3.3 JOINT 3: USS/L-BKT

9.3.4 JOINT 4: RING-HCOMB

8.3.5 JOINT 5: SCINTILLATOR SUPPORTS VERIFICATION
9.3.6 JOINT 6: ROD END

Summary of joint analysis results are shown in 9.3.7 (MOS SUMMARY FOR JOINT ANALYSIS).

The value of Fsy is evaluated according to RD. 1, par. 1.4.6.5.

For each joint, boit separation has been verified using the maximum axial force acting on the bolts .

Other MoS have been calculated using the worst load case for the most ioaded bolt (where most loaded means that
the forces acting on the selected bolts results in lower MoS, with respect to other bolts).

Used formulas are shown in Annex 1.

Also a Fail Safe analysis of bolts have been made; Summary of joint analysis results for Fail Safe configuration are

shown in paragraph 9.3.8 .

The MoS definition for bolts analysis is reported in the next table.

MOS DESCRIPTION

MoSCombU |Margin of Safety for Combined load (Tension and shear) on bolt Ultimate
MoSsep  [Margin of Safety for separation
MoSBRY [Margin of Safety for Bearing Yield
MoSBRU  |Margin of Safety for Bearing Ultimate

MoS LugTy |Margin of Safety for Tension failure on Lug Yield

MoS LugTu [Margin of Safety for Tension failure on Lug Ultimate

MoS LugSy [Margin of Safety for Shear out failure on Lug Yield
MoS LugSu [Margin of Safety for Shear oult failure on Lug Ultimate

Table 9-4: MoS definition for bolt analysis
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9.3.1 JOINT 1: BRACKET-RING

L-TOF bracket-ring joints are NAS 1351-5 bolts made of stainless steel A286-160 ksi.
In the following figure positions of the bolts are shown:

Figure 9-41. JOINT1: Bracket-ring boits
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In the following figures the forces applied to the joint are shown:
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Figure 9-42: JOINT 1: Maximum axial force, element 11807, load case 4031
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Figure 9-43: JOINT 1. Maximum resuftant force, element 1785, load case 4015
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In the following tables input and output data are shown:
BRACKET RING
) JOINT 1
JOINT DEFINITION _ ] __VALUE 2
Bolt size NAS 1351-5
Nominal diameter [mm] 7.938
Thread pitch [1/In] 24
Bolt Material A-286 (u:160ksl-y: 120ksi)
Bolt Malarial FTL) [MEQ] 1103
Bolt Material FTY [MPa] 827
Boll Maierial FSU [MPa) 655
Temperalure correclion factor 0.94
Plastic bending faclor for circular cross seclion 1.7
Fitling-faclor 1.15
Dry lorque coefficienl 0.2
Loading plane facior 0.5
Joint load faclor (sleel boll on Alum. plate) 0,266
Plale Malerial AL 7075 T7351
Plate Thickness [mm] 4
~ BEARING AND LUG DATA VALUE
Hole diamealer [mm] 7.938
e/D >1,5
Dislance hole-end plate (Lug an. Tension) 12.5
Distance hole-end plale {Lug an. Shear} 12.5
Plate FERU [MPa] 703.27
Plaie FBRY [MPa] 544.69
Lug Flu [MPa] 468.84
__Lug Fty [MPa] 393.00
Lug Fsu [MPa] 262.00
Lug Fsy [MPa] 218.97
_ WORST CASE LOAD DEFINITION VALUE )
LOAD CASE 4015
ELEMENT ID 1785
AXIAL LOAD [N] 2817.04
SHEAR LOAD [N] 5242.78
WORST CASE LOAD DEFINITIDN FOR
SEPARATION (MAX AXIAL LOAD) VALUE
LOAD CASE _ 4031
_ELEMENT iD 11807
AXIAL LOAD [N] 5427.93
SHEAR LOAD [N} 2143.89
RESULTS VALUE
Max Torgua [Nm] 36.91
Min Torgue [Nm] 31.37
MoS combU 0.26
MoS bry 1.48
MoS brl) 1.00
MoS lugty 4.64
MoSlug tU 3.20
MoS lugsY 2.14
MoS lugs U 1.35
MoS Sep 0.71
Table 9-5: JOINT 1
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9.3.2 JOINT 2: USS/U-BKT

L-TOF USS/U-BKT joints are NAS 1351-6 bolts, made of stainless steel A286-160 ksi: in the following figure
positions of some bolts are shown.

Figure 9-44: JOINT 2: USS/U-BKT boits
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I the following figures the force

s applied to the joint are shown:
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Figure 9-45: JOINT 2: Maximum axial force, node 10788 , load case 4031
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Figure 9-46: JOINT 2: Maximum shear force, node 10788, load case 4031
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[ n the following tables input and output data are shown:
USS/U-BKT
_ _ JOINT 2 j
JOINT DEFINITION VALUE
Bolt size NAS 1351-6
Nominal diameler {mm] 8.525
Thread pltch [1/In} 24

Boit Material

A-286 (u:160Kksi-y:120ksi)

Bolt Material FTU [MPa] 1103
Bolt Material FTY [MPa] B27.4
Bolt Material FSU [MPa] 662
Temperature comectlon faclor 0.94
Plastic bending factor for circular cross section 1.7
Plate Material AL 7075 T7351
WORST CASE LOAD DEFINITION VALUE
LOAD CASE 4031
ELEMENT 1D 53539
AXIAL LOAD [N] 12401.87
SHEAR LOAD [N] 477,76
WORST CASE LOAD DEFINITION FOR =
SEPARATION (MAX AXIAL LOAD) ~ VALUE
LOAD CASE 4031
ELEMENT ID 53939
AXIAL LOAD [N] 12401.87
SHEAR LOAD [N] 477.76
~_ RESULTS VALUE
Max Torgue [Nm] 63.77
Min Torque [Nm] 54.20
MoS combl) 0.51
MoS Sep 0.57

Table 9-6: JOINT 2
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9.3.3 JOINT 3: USS/L-BKT

L-TOF USS/L-BKT joints are NAS 1351-4 bolts, made of stainless steel A286-160 ksi: in the following figure
positions of some of the bolts are shown.

Figure 9-47: JOINT 3: USS/L-BKT bolts
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i the following figures the forces applied to the joint are shown:

ISP I0Y] i T3S 1150 3
oo am (= B FibiHLAAE R D)

g

- o

L B
T

e

od_vacks
Hon 2 -G ) S 1N
v L34 e VPED

Figure 9-48: JOINT 3: Maximum axial force, node 19925, load case 4028

N Driciy Y]t 13- Jen A MHE I
e 51 = v, MR Ry 323

[ETe
€\ 1w

it

il vl

LT

pre

AL

35033

——r

342
FTHh
2431
21

P Hetagy

f Tewr
LIRE: |

o~
. v I

[T A
Mon K0 300 Y e 1042
b ) T TR G 1D

Figure 9-49: JOINT 3: Maximum resultant force, node 19921, load case 4045
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I the following tables input and output data are shown:

USS/L-BKT
I ___ _JOINT3 _
_ JOINT DEFIN[ON o _VALUE
Boll size NAS 13514
Nominal diamaler [mm] 6.35
Thread pilch [1/In] 28
Bolt Malerial A-286 (u:160ksi-y:120ksi)
Boll Material FTU [MPa] 1103
Boll Malerial FTY [MPa] 827
Boll Material FSU [MPa] 655
Temperalure correclion faclor 0.94
Plaslic banding factor for circular cross seclion 1.7
Fitting-factor 1,15
Dry {orque cosificient 0.2
Loading plane faclor 0.5
Joint load faclor {sleel bolt on Alurn. plate) 0.266
Plate Material AL 7075 T7351
Plale Thickness [mm] 8
_BEARING AND LUG DATA _ | ___ VALUE
Lug diamealer [mm] 6.5
&/D 1.54
Dislance hole-end plate (Lug an, Tension) 10
Distance hole-end plate (Lug an. Shear) 10
Plate FBRU [MPa] 703.27
Plate FBRY [MPa] 544,69
Lug Ftu [MPa] 468.84
__Lug Fly [MPa] 393.00
Lug Fsu [MPa] 262.00
Lug Fsy [MPa] 218.97
__WORST CASE LOAD DEFINIFION | VALUE ~
LOAD CASE 4045
__ELEMENT 1D 19921
AXIAL LOAD [N] 427,32
SHEAR LOAD [N] 924.27
WORST CASE LOAD DEFINTIONFOR. | '
SEPARATION {MAX AXIAL 1.OAD) . VALUE
LOAD CASE 4028
ELEMENT ID_ 19825
AXIAL LOAD [N] 481.818
SHEAR LOAD [N] 703.25
RESULTS 1 VALUE
Max Tormgue [Nm] 18.49
Min Torque [Nm] 15.72
MoS combU 0.64
MoS bry 10.26
MoS brl 8.08
MoS ugt Y 30.98
MoS lugi U 22.84
MoS lugs Y 16.82
MoS lugs U 12.32
MoS Sep 0.96
Table 9-7: JOINT 3
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9.3.4 JOINT 4: RING-HCOMB

L-TOF RING-HCOMB joints are NAS 1351-4 bolts, made of stainless steel A286-160 ksi: in the following figure
positions of the bolts are shown.

Figure 9-50: JOINT 4: RING-HCOMB
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In the following figures the forces applied to the joint are shown:
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Figure 9-51: JOINT 4: Maximum axial force, element 826, load case 4045
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Figure 9-52: JOINT 4: Maximum resultant force, element 825, load case 4031
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9.3.4.1 BOLT ANALYSIS
In the following tables input and output data are shown:
RING-HCOMB
- _ JOINT4
JOINT DEFINFION 1 VALUE
Boll size NAS 13514
Nominal diameter [mm] 6.35
Thread pitch [1/Tn] 28
Bolt Material A-286 (u:160ksi-y-120ks})
Boll Material FTU [MPa] 1103
Boll Malerial FTY [MPa] a27
Boll Malerial FSLU) [MPa) 655
Temperature comrection faclor 0.94
Plastic bending factor for clrcular eross seclion 1.7
Fitting-faclor 1.15
Dry lorque coefficient 0.2
Loading planae lactor 0.5
Joint load factor (slesl boll on Alum. plate) 0.266
Plate Material AL 7075 T7351
Plate Thickness [mm] 4
BEARING AND LUG DATA _VALUE _ 1
Hole diameler [mm] _ 6.35
elD >2
Dislance hole-and plale {Lug an. Tension) 18
Distance hole-end plate {Lug an. Shear) 18
Plaie FBRU [MPa] 903.21
Plale FBRY [MPa] 655.00
_Lup Fiu [MPa] 468.84
Lug Fty [MPa] 393.00
Lug Fsu [MPa] 262.00
Lug Fsy [MPa] 218.97
__WORST CASE LOAD DEFINITION ___ VALUE
LOAD CASE 4031
ELEMENT ID 825
AXIAL LOAD [N] 205.2
SHEAR LOAD [N] 2903.05
WORST CASE LOAD DEFINITION FOR .
SEPARATION (MAX AXIAL LOAD) .. VALUE
LOAD CASE 4045
ELEMENT ID 826
AXIAL LOAD [N] 580
SHEAR LOAD [N] 1258
___RESULTS VALUE
___Max Torgue [Nm] 18.49
Min Torgue [Nm)] 15,72
MoS combl 0.36
MoS bry 3.3
Mo§ brU 2.71
Mo$ lugt Y 9.18
MoS lugtu 6.50
MoS lugsY 4.87
MoS lugs U 3.24
MoS Sep 0.95
Table 9-8: JOINT 4
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9.3.4.2

INSERTS VERIFICATION

Inserts force is obtained with FEM analysis and its value has been evaluated in

205 N in axial direction
2903 N in transverse direction

T his load is used to calculate MOS for CFRP inserts
RD.3 guidelines are followed.
The results are shown in the table below:

INSERT
Slze Material Ext min Dlameter [mm] | External helght [mm] | Thread longht [mm]
NAS 1351 - 04 ALUMINUM 22,5 9 6
HONEYCOME FACESHEET
Material F,, (MPa] Thk [mm]
Al 2024 Ta1 376 1,25
HONEYCOMB CORE
INSERT DATA TYPE Skze coll [mm] Thk [mm] Helght [mm]
4.5-1/8-10 3,175 00254 50
INSTALLATION
a [mm] ald & [mm] a/d
53 471 17,6 1,56
DERATING FACTOR CALCULATION {ESA PSS-03-1202)
der & (Shear) der e {Axlal} der a (Axlal) SF
0,73 0,61 __074 2
SHEAR ALLOWABLE
E,_.FThk'Fty‘Dlamtar N]
10561
AR ES ACCOWABLE AXIAL ALLOWABLE (ESA PSS-03-1202)
P« FROM TABLE [N]
7000
FORCES APPLIED
FORCES APPLIED AXIAL [N] SHEAR [N]
205 2903
R=Rgy +Raz” < 1
INSERT VERIFICATION Ray=SHEAR/ (P, *dare/SF) Rax=AXIAL / (Pox*dere * dera/ SF) R
0,751 0,131 0,68
Table 9-9: Ring/honeycomb inserts verification

BOLT HOLES

>25mm

«

INSERT

25mm

Figure 9-53: Insert Dimensions
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9.3.5 JOINT 5: SCINTILLATOR SUPPORTS VERIFICATION

L-TOF honeycomb joints are M3 bolts, made of aluminum 7075 T7351: in the following figure positions of the bolts
are shown.

Figure 9-54; JOINT 5: Honeycomb
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I n the following figures the forces applied to the joint are shown:
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Figure 9-55: JOINT 5: Maximum axial force, element 7080, load case 1033
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Figure 9-56: JOINT 5: Maximum resultant force, element 28256, load case 4062

Questo documento contiene informazioni di proprieta di CARLO GAVAZZI SPACE SpA. Tutti i diritti sono riservati.
Ali information contained in this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.




' Dor s RICSYS-RP-CGS-012
RICH SYSTEM

cARmLD Ediz.: Dala:
y Issue: 1 Data: 29/06/04
LOWER TOF STRUCTURAL ANALYSIS REPORT Pagina 96 di 114
CARLO GAVAZZI SPACE SpA Page of

9.3.5.1 BOLT VERIFICATION

In the following tables input and output data are shown:

HONEYCOMB BOLTS
= JOINT 5 :
JOINT DEFINITION =—=h ~__VALUE
Bolt size M3
Nominal diameler [mm] 3
Thread pilch [1/In] 48
Bolt Malerial Al 7075 T7351
Bolt Malerial FTU [MPa] 468
Bolt Material FTY [MPa] 393
Bolt Malerial FSU [MPa] 262
Temperalure comrection factor 0.94
Plastic bending factor for circular cross section 1.7
Fitting-factor 1.15
Dry torque coefficient 0.2
Loading plane factor 0.5
Joint load factor {steel bolt on Alum. plate) 0.266
WORST CASE LOAD DEFINITION | VALUE
LOAD CASE 4062
ELEMENT |D 28256
AXIAL LOAD [N] 106
SHEAR LOAD [N] an
WORST CASE LOAD DEFINITION FOR
_ SEPARATION (MAX AXIAL LOAD) : . VALUE _
LOAD CASE 1032
ELEMENT ID 7080
AXIAL LOAD [N] 188.955
SHEAR LOAD {N] 106.065
RESULTS — _VALUE _
Max Torque [Nm] 0.73
Min Torque [Nm] 0.63
MoS combl) 0.04
MoSsep 0.81
Table 9-10: JOINT 5
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9.3.5.2

INSERTS VERIFICATION

inserts force is obtained with FEM analysis and its value has been evaluated in

212 N in axial direction
742 N in transverse direction

This load is used to calculate MOS for CFRP inserts
RD.3 guidelines are followed.
T he results are shown in the table below:

SCINTILLATORS/HONEYCOMB
INSERT
Size Matsrial Ext min Diameter [mm]_| External helght [mm] Thread lenght [mm]
M3 CFRP 25 8 8
HONEYCOMB FACESHEET
Materlal Fy [MPa] Thk [mm]
AL 2024 T81 376 05 = _
HONEYCOMB CORE
INSERT DATA TYPE Slze cell fmm] Thk [mm] Helght [mm])
1.8-3/4-25 19 0,0635 50
INSTALLATION
amm] a/d o [mm] eid
68 2,72 18 —=ll 0,72
DERATING FACTOR CALCULATION (ESA PSS-03-1202)
der e {Shear) der e {Axlal) der a (Axial) SF
0,71 0,59 0,77 2
SHEAR ALLOWABLE
Ps_u=Thk‘Fly'DIameter ]
FORCES ALLOWABLE i)
ANIAL ALLOWABLE (ESA PSS-03-1202)
P,x FROM TABLE [N]
4000
FORCES APPLIED
FORCES APPLIED AXIAL [N] SHEAR [N]
212 742
R=Rgy +Rax" <1
INSERT VERIFICATION Ry = SHEAR / (P,_"‘dereISF) Rax= AXIAL / (Pyx*dera *deral/SF) R
0,45 0,23 0,26

Table 9-11: Scintillator/honeycomb inserts verification
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9.3.6 JOINT 6: ROD END
9.3.6.1 LUG VERIFICATION

The analysis of the lugs that connect the rods to the USS and to the ring (see the following figure) is performed
using the worst condition of load {10143N, see chapter 9.4.1 ) and geometry:

Figure 9-57: Lugs

[ LUG ANALYSIS

—

o) MARGING OF SAFETY FOR BEARING FAILU|

T [ e [ o | sy | e | BB Ty

AL TH7E T7351

210
MARGINS OF SAFETY FOR TENSION FAILURE (STRESS)

51

fi ?“"1""‘- oo | distance hotasnd] T
‘pay| HMEhERr | s e
Ib"“*\'?ﬁ:][’ tkimm) | "R
19 4031
WARGINS OF SAFETY FOR SHEAR FAILURE

Table 9-12: LUG verification
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9.3.6.2

ROD-END VERIFICATION

The ends of the RODs are forks with a bearing into the Bracket Lug this verification is performed with the worst load
case: 10143N, see chapter 9.4.1 .

9.3.6.3

Figure 9-58: Rod-End

Allowable Applied MoS
SPECIFICATION force }% ':Ce
ROD END {FORK) CEY-6-6J-127 38980N 10143N 0.92
SPHERICAL BEARING | MS14103 (dash 6) 60000N 10143N 1.85
Table 9-13: Rod End verification
BOLT VERIFICATION
ROD END BOLT
~ JOINT 6 )
JOINT DEFINITION VALUE
Bolt size NAS 13516
Nominal diameter [mm]) 9.525
Thread pitch [1/In] 24
Bolt Material A-286 (u:160ksl-y:120ksi}
Bolt Material FTU [MPa) 1103
Bolt Material FTY [MPa] 827
Bolt Material FSU [MPa] 655
Temperature correction factor 0.94
Plastlc bending factor for circular cross section 1.7
WORST CASE LLOAD DEFINITION _ VALUE
LOAD CASE 4031
AXIAL LOAD [N] 0
SHEAR LOAD [N] 10143
~ RESULTS VALUE
Max Torque [Nm} 53.58
Min Torque [Nm] 45.54
MaS combU 0.21
Table 9-14: Rod End Bolt verification
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9.3.7 MOS SUMMARY FOR JOINT ANALYSIS

In the following tables MoS summary for joint analysis is presented.

MOS SUMMARY

Fbru | Limit axial | Limitshoar || Mos | Mos | Mos |/Mos | mMos | mos | o5 | iseRT |

JOINT soLr | Fory e | ob//Mos | M | INseRT

5 0 |meal| @l omaly | teee | sop |coBul ry S| veRmCATION <1
BRACKET-RING | NAS 1351-5 | 544.7 | 703.3 2817.0 5242,78 0.71 0,27 1.48 NA
USS-BXT NAS 1351-6 NA NA 12401.9 477.8 0.57 0,51 NA NA
USS/L-BKT NAS 1351-4 | S44.7 | 703.3 427.3 9243 0,88 0.84 >2 NA
RING-HCOMB NAS 1351-4 | 655.0 | 903.2 205.2 2903.1 0.85 0.36 >2 NA
HONEYCOMB M3 NA NA 106.1 3709 0.92 0.54 NA 0.58
ROD END NAS 1351-6 | 544.7 | 703 .3 10143 0 0.0 NA 0.21 »Z MNA

Table 9-15: Joint analysis MoS summary
9.3.8 FAIL SAFE JOINT ANALYSIS

In order to check the integrity of the joints under failing of the most stressed joints. For such analysis, a new static
FEA has been carried out. The four most stressed joint (one for each set, as described from par. 9.3.1 to par. 9.3.5)
have been removed from the model. The analyses for each joint set have been newly performed. In the following

table the resulls are reported.

' MOS SUMMARY

JOINT BOLTE || T l, LE s andal | ar | T - | Moz el .___J_m- H _.__-f'.“_ﬁl | -----.-“m-‘.-...-.rr.'{--_ .

BRACKET-RING MAE 13515 | 7033 4052 1781 744 430 0.57 3,09 7.8 180 NA

USSNLBKT MAS 1351-6 B 4015 10785 5238 1704 083 | NA MA MA HA

USSIL-BKT MAZ 13574 | 7033 4045 18921 518 1104 066 | 14329 3893 | 7133 MA

IG-HCOME NAS 1351-4| s03.2 | 4031 B2E 211 2460 057 | 5373 11,74 B.12 HA

HONEYCOMB Ma MNA 4052 2B257 A2 741 054 | HA M A 0.54

Table 9-16: Joint Fail Safe analysis MoS summary
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9.4 BUCKLING ANALYSIS

The buckling analysis shall be performed for the both the rods and the main structure:

Figure 9-59: Main structure analyzed for buckling
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9.4.1

BUCKLING ANALYSIS FOR THE RODS

For the Rods that constrain the LTOF structure to the USS the compressive axial force calculate is for ELEMENT
4872 for Load Case 1019.
T he resulting applied force is 7586N.
The maximum force is 10143N for ELEMENT 4807 for Load Case 4031 but can not be use because is a tension

force.

NECPwrs T 2a ka4 18 120
Waome 5 s

Pav Fioamps, Ty

Figure 9-60: Axial force on the rod

This applied force lead to the buckling of the ROD:

MARGINS OF SAFETY FOR INSTABILITY FAILURE
ITEM Resr fm]{ R [m} [ Thichnessm] | E Paz | Lim) | 1« fm? | Afm2) [ PaciN] Pace Nl 1SF] Mos NOTE
ROD NOMINAL] 1,43E-02 | 1,30E-02|  1,25E03 | 6,94E+10| 0,65 | 1,0E-08 | 1,1E-04 | 16266.1 7566 2| 0072 i |
STATIC analysis

Table 9-17: Buckiing calcufation for the rod (Static Analysis)

The calculated force (7586N) comes from a static analysis based on the result of the transient and assembly
sequence of the entire AMS-02; in AD 2 the analysis of the ROD with the forces calculated from the transient and
assembly sequence analysis is presented. In this document the maximum compressive force applied to the ROD is

7242N; with this load the MoS of the buckling for the RODs is higher.

MARGINS OF SAFETY FOR INSTABILITY FAILURE
ITEM Rest [M1{ R [m | Thichness fm) E Pal | EImld ( imY | Ama2 | Pay IN] Proe [Nl [SF] MoS NOTE
ROD NOMINAL} 143602 1,30E02|  1.25E03  |6,94E+10| 0,65 |1,0E08( 11604 | 16266,1) 7242 | 2| 0123 f°'°°f’°a"r‘18Th'fs’1°‘st'ENT

Table 9-18: buckling calculation for the rod (Static Analysis)
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9.4.2 BUCKLING ANALYSIS FOR THE MAIN STRUCTURE

For main structure of the LTOF buckling verification, the following equation is used:

Oy = 7k E [5]2 (RD 6 chp. C.6.2)
R 10-v) b P =5

VWhere:

buckling coefficient;

material Young modulus in compression;
material elastic Poisson’s ratio;

short dimension of plate or loaded edge
sheet thickness

Tos mE

T Pabun TN 22 Ch0w H TRA D
Fomgm b e, Dl S 13 1 Sty Vi - oty Pl S SRLATEREDY 4

e —

/ﬂt

. EDGE PART || CENTRAL PART

ol Mriepe.
Wyt 1 n i Y
MoedMEse iEeY |

7Table 9-19: Buckiing verfication, main structure
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For the Central Part the equivalent beam is:

AT S AEN.-“.--c

for this equivalent section the k. defined in RD6 Chapter C5.3 is used:

k=4

For the Edge Part the equivalent beam is:

By —"—

for this equivalent section the k; defined in RD6 Chapter C6.1 is used:

ke=0.43

In the following table MoS of buckling verification are shown:

MOS SUMMARY FOR BUCKLING VERIFICATION
e, [ -. = ) ] =, : i b e e | 'Fﬂ'- i mﬁ A .:'I b )
ITEM ke b t | MATERIAL § _ :FE’E"II  stress| S.F., | MoS, |
== L ! [ | Sl T T N
CENTRAL PART 4 0.1 0.004 |AI7075T7351] 419 160 2 0.31
Ll EDGE PART 0.43 | 0.036 | 0.004 |Al 7075 T7351| 348 137 2 0.27

Table 9-20. Buckling verification MoS summary
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70.CONCLUSIONS AND COMMENTS

The performed analyses show the following results:
- the 1% natural frequency of the assembly is 53.08Hz (see chapter 8.1 )

- all MoS are positive for all applied loads; see chapters 9.2.20 for the stress verification, chapters 9.3.7 for joints
verification and 9.4 for buckling analysis.
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ANNEX 1. BOLTS VERIFICATION EXAMPLE

JOINT 1 "BRACKET/RING":

(NAS 1351 - 5 Material 160Ksi)

FACTORS ofl SAFETY  Ultimale: FSu=20 Yield: FSy=125 Separation: FSsep=1.2
Nominal diameler. D = 7.938.mm Thread pitch: N := 24._1_
in
D=0.313in
Temperature correction factor: ac = 94
Tensile allowable, uliimale: Fiu = 180000-psi Shear allowable: Fsu = 95000psi
Flu=1.103x 10°Pa Fsu =6.55x 10°Pa
Tensile allowable, yield  Fty:= 120000psi
Fly = 8.274 x 10° Pa
132
D- 0.9743~ﬁ
Tensile area: Al = - ——— At=00581in°  Al=3747 x 10°°m?
2 Equations for areas from Machinery's
D - 1299038 Handbook
Sheararea.  As-=a. N As=0D524in°  Al=3747 x 1075 m?
2-D?
Moment of inerlia of bolt cross seclion: la = | = 0.0005n” [=1.949 % 107 m?
) D - -3
distance to outer hber: c= 3 c=0.155in c=3963x10 " m

Tensile ultimate sirength: flu= Flu.Al Ay =9.292 % 10° Ibf ftu = 4.133 % 10% newton

Tensile yield sirength: Ry = Fly At fty = 6.959 x 10° Ibf fy = 3.1 x 10% newton

Shaar sirength: fsu=Fsu-As fsu=4.982 x 10° Ibf fsu = 2.216 x 10* newton
Bending aliowable: bu = Flu-l fbu = 479.459 in. Ibf fbu = 54,172 m-newton
c
Plastic bending factor for circular cross section: Ky=17
Fitting-faclor. FF:=1.15
Forces at the Bolts:
Boll lensile force (W) : Flen = 2817 .04newlon
Boll Iensile force {bf) : Ften = 633.296 Ibf
Boll shear force () : Fshear = 5242 7Bnewlon
Balt shear force: Fshear = 1.179 » 10° (bf

Bolt bending moment (N"m) : Fbend ;= Onewton-m

Bofi bending moment (in*ibi) ; Fbend = Din-Ibf

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tultii diritti sono riservali.
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Preload on the Bolt:
Dry torque coef: k=02
Boft preload:  Fpmax:= .75-Al-Fly Fpmax = 5.227 x 10° |bf Fpmax = 2.325 x 10% newton

Tighlening torque: ~ Tmax := Fpmax-k-D

Tighlening targue:  Tmax = 326.689 in.Ibf Tmax = 36.911 m-newlon

Tmin = .85 Tmax
Tmin = 277 685in- bl Tmin = 31.374 m-newlon

Fpmin = 4443 |bf Fpmin = 1.976 x 10 newton

Tmin
Fpmin =
pmin =0

Preload ratio:

Loading plane faclar: n= .5
Joint load faclor (steel bolt on Alum. plate): §:= 0.266

Calculate joint seperation load: Wis = G
(1-n4

Wis = 5124 Ibf Wjs = 2.279 x 10” newton

Check for joint seperalion {if ralio is > 1.0, separation occurs)
Flen-FSsep]
Wis

Ften-FSsep 0.148

MoSsep:=| 1
Wi ’ "[

MoSsep = 0.852

Tensile, shear and bending ratios
Fa = if[(Ften < Wjs) , Fpmax + ¢-n-{FSu-FF-Ften) ,FF-FSu.Ften]

guslicac: Il statement determines if joint
5 ~sparation occurs
Fa=5.42x 10° Ibf Fa=2.411 x 10* newton
. . Fa
UL B el I ot Rt =0.521 Nole: Temperature correction
faclor is applied 1o the bolt
allowables here,
Bending ratio: Rb - FF.FSu-Fbend
’ fbu-ac Rb=0
Shear ratio: Rs:= W Rs=0579
Isu-ec
Calculate Margins of safety:
Guess K K:=10
Given
(K-Rs)® + [K-(Rt + Ky-Rb)]> = 1 K= Find(K)
Margin of safety: MoScombU:=K-1 MoScombl =026
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For the bearing, tension and shear out verification the lug formulas from Bruhn "Analysis and design of flight
vehicle structures” are used.

Calculate Margins of safety for Bearing:

Fbry(plate) [Pa] : Fbry :=544E6-Pa
Fbru(plate) [Pa] : Fbru := 703E6-Pa
Plate Thickness [mm] : Thk :=4mm Thk =4 x 10_3 m
Nominal Diameter [mm] : D =7.938mm
Limit Shear Force [N] : Shear :=Fshear
- h
Limit Stress [Pa] : Sh ;:m Sh =1.651x 108 Pa
(Thk-D)
: bry-ac )
MoS bry : MoSb / MoSbry =1.478
V=l shrsy ) v
MoS bru : Fb
oS bru MoSbry = Louee ) MoSbru = 1.001
(sh.Fsu /

Thk
ummrA lslargins of safety for tension failure:
Fty{plate) [Pa] :

Ftu(plate) [Pa] : Fly :=393E6-Pa Ftu :=468E6-Pa
Plate Thickness [mm] : Thk :=4mm Thk =4 x 10_3 m
Distance hole-end plate [mm] : Dis :=12.5mm Dis =0.013m
Limit Shear Force [N] : Shear :=Fshear
Limit Stress [Pa] : Sh = __Shear Sh=5243x 10 Pa
(Thk-Dis -2)
-ac
MoS lug ty : MoSlugty := / Fty ) MoSlugty =4.637
(Sh FSy /
| §mk MoS lug tu : MoSlugtu : —/ ) MoSlugtu =3.195
( Sh-FSu /
Calculate Margins of safety for shear out fallure:
Fsy(plale} [Pa] : Fsy :=219000000Pa
Fsu(plate) [Pa] : Fsu :=262E6-Pa
Plate Thickness [mm) : Thk :=4mm Thk =4 x 1[‘_)~3 m
Distance hole-end plate [nm] : Dis :=12.5mm Dis =0.013m
DI Limit Shear Force [N] : Shear :=Fshear
1S
O Limit Stress [Pa] : Sh 1= —onear Sh =5.243x 10’ Pa
- (Thk-Dis -2)
Dis
. _[Fsyec)
MoS lug sy : MoSlugsy = MoSlugsy =2.141
(sn FSy /
/ Fsu-oc )
MoS lug su : MoSlugsu = MoSlugsu = 1.349
] (Sh FSu
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ANNEX 2., HONEYCOMB VERIFICATION EXAMPLE

HONEYCOMB LTOF VERIFICATION

(HEXCEL 1.8-3/4.25)

COMBINED LOAD STRENGTH VERIFICATION
ACCORDING TO RD 6 CHP C12.4.8
INPUT HONEYCOMB ALLOWABLE

F1sl = 2300000Pa

F1sw = 1500000Pa
F1c = 1440000Fa

Safety factor

INPUT STRESS APPLIED ON HONEYCOMSB CORE

f1sl := 30000Pa

flsw = 320000Pa

fic = 430000Pa

INTERACTION EQUATION CALCULATION

VERIFICATION
Rsl= SF. 181 Rsl = 0.026
F1sl
Rew = SF.12% Rsw = 0.427
Flsw
Ra= SF. € Ra = 0.597
Fic

VER = max(RsI + Ra’,st + Ra’)

<t 0K

Rx := min(Rsl, Rsw)

Rx = 0.026

Guess K K=10

Given

(KR + [K-(Ra)P=1  K:=Find(K)

Margin of safety:

MoScombU = K-1

SF=2

MoScomblU = 0,638
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INTRACELL BUCKLING VERIFICATION
ACCORDING TO RD 6 CHP C12,5.2
INPUT HONEYCOMB ALLOWABLE

Ef := 72395E6Pa
Fey := 400E6Pa

Face thickness tf = 1.25mm

Core cell size S2:=32-mm

INPUT APPLIED STRESS ON HONEYCOMB FACE SHEET
fx = 31.7E6Pa
fy = 10.2E6Pa

fxy := 7.8E6-Pa
VERIFICATION
COMPRESSION CONTRIBUTION
(5
2

, if
F2ci_n = 075-Ef (—55] F2ci_n = 1326 x 10'°Pq

Fey

— = 0.03
F2ci_yn

Graph to determine Fci and Fi value

2=(FoilFoy)

y=00063%" +00119%%- [ 3543 + 1,188

71 = F2cifFcy

. N | 2=FiFey
0,5 —,
0.4 \.‘%
02 My
0 i 2 3

Foyd Feita)

[T S F—

Fey }? Fey Y [ Fcy )
71 = 0.0065- 0.0114- ~ 03654- 11539 71 =1.143
(FZci_nJ * (cmi_nj F2cin)

F2ci= 71-Fey F2¢i = 4572 % 10°Pa
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BIAXIAL CONTRIBUTION

PARAMETER N  IF doesnt work properly, please input n walue manually

fs2 i }?
iff| — <1563, n=2+|1563— | ,n=3 n=3
tf 52

fy
v y=0322
F2cix = --i'1 F2cix = 4522 x 10°Pa
(14 ‘r"f
SHEAR CONTRIBUTION

B
F2si_n = U'G_Ef_( o )(n]

52 F2si_n =106 x 10'°Pa

F2i_n = F2si_n-f3 F2i_r = 1837 x 10°Pa

22=F2ifF2cy
Fcy 3 Fcy 2 Fcy
2 =00065| —— | +00114.| —— | -03654- - + 1.1539 I2=1146
F2i_n F2i n F2i n
F2i=72-Fcy F2i=4584x 10°Pa

BIAXIAL AND SHEAR CONTRIBUTION

F2si= Q
J3
Raz = 5P Re2 = Y-5F
F2cix F2si
Ra2 + Rs2* = 0144 | <1 OK
Guess Y ¥=10
Given

(Y-Ra2) + [Y-(Rs2*=1 ¥ = Find(Y)

Margin of safety: MoScombl:=¥ -1 MoScombU = 5.184
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WRINKLING VERIFICATION

ACCORDING TO RD 6 CHP C12.5.3

INPUT HONEYCOMB ALLOWABLE

Core compression modulus Ec = 215E6Pa
Ge = 214E6Pa
Safety factor SF=2

INPUT APPLIED STRESS ON HONEYCOMB FACE SHEET

fi = 31.7E6Pa
fy = 10.2E6Pa

fxy = 7.BEGPa

VERIFICATION

COMPRESSION CONTRIBUTION

fi
ey y = 0322
fx
7i:=1.‘l—-'|'+}'2 vi = 0884
3
VEEc-Ge
Fowx_n2 = 0.43-—': Fewx_n2 = 6.352 x 10°Pe

31""1 + ';'3

F3i_n = Fowx_n2-yi F3i_n = 5616 x 10°Pa
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Graph to determine Fcw and F4i value

\ ¥ = -D,0040% +0 D997 - 0,5805x + 13216
0.8
2 \\
§ 0.6
. \
04 I3 =Few/Fcy

T 74 = FAifFcy

0 ns 1 15 2 25 3 35 4
FoyAFcwfeta2)

3 2
3= —D.GUMv[—':l_:—Y + 0.0997. ﬂ - 0.5895- 7] + 13216 73=0951
F3 F3 F3

i_n i_n i_n
SR Few = 3803 x 10°Pa
Fowx = @ Fowy = 4301 x 108Pe
i
SHEAR CONTRIBUTION
Fsw3_n2 = 0.433/Ef Ec-Gc Fsw3 n2 = 6.422 x 10°Pa
Fdi_n = Few3_n2-/3 F4i_n=1112x 10°Pa
3 P |
74 = -0,0044. ﬂ + 0.0997-(F—'_:y] - 05895-( F'?y J + 13216
F‘dl_ﬂ F-ﬁl_ﬂ F4|_T| 14 =1122
Fdi = 74 Fcy Fdi= 4439 x 10°Pa
Fowd = L Fswd = 2502 x 10%Pa
3
SHEAR CONTRIBUTION
Rad = fx. SF Rad = 0.147
Fowx
Rsd = fxy- i Rsd4 = 0.06
Fswd
Rad + Red? = 0151 |
Guess Z Z=10
Given
(Z-Rad) + [Z-(Rsd)*=1 Z:=Find(2)
Margin of safety: MoScombU:=Z-1  MoScombl = 4922

Questo documento contiene informazioni di proprieta di CARLO GAVAZZ| SPACE SpA. Tutli i diritti sono riservati.
Al information contained in this document are property of CARLO GAVAZZ! SPACE SpA. All right reserved.




‘Peniesal Jybu Iy 'vdS JOVS IZZYAVS OTHYD Jo Atadard are Juswinaop siy) uf paulBjuod LoNBULIoM [y
"REAISSU 0UOS UIP | MNL "ydS FDVS IZZVAYD 0TV IP Elaudoud Ip (UoIZeunoju] 3UsjUoD ojusWwnoop 0jsant

17049 N3 aOod 8J|7 8jeg 120 S6 0zl 091 982-v 9 LNIOr
1708 gWNODAINOH 8JES |lBed #0°0 8t JI:] 89 1SELL SLOLIV S INIOr
HNODH-ONIY 8jes |led 9’0 S6 0cl 091 9ge-v ¥ LNIOP
INME-1/SSN 8Jeg [led ¥9'0 g6 0cl 091 98e-v € LNIOP
1M8-N/Ssn ajeg |ie4 LGS0 G6 0cl 09l 98z-v ¢ INIOr
buil 1ax0e1g ajeg |le4 220 56 0ClL 091 98e-v | LNIOr
2=4d%
suawwo) seuopey | "9 BT | (ajeumn) [1s3] ns lis] A4 [1s3{] i (erore WALl
d Alajes jo uibiep
8)|0q Jesn GG'L 020 yEEL 1SeLL SL0L IV 176L0-L0-¥0 401 swe XS 13IMOVHA TYNSUILNI
$]i0g JeaN 98| 210 68° L1 LSELL GL0L IV 178L0-10-#0 JOL swe XA LIMOVHE TYNHILNI
. : A 401 43MOT
s}jog JleaN < 910 €401 LGELL GL0L IV L7 120-10-+0 JOL swe LIMAYNg 83ddn SSN
. ) A nns-Z
S)j0g JesN Z< SL'0 L00L LGEL) SLOLIV 171020-10-#0 401 swe 401 ¥3MOT 13X0Vvad SSn
8010} |eIxy e 220 Sovl 1S€21 GL0L IV { 171 100-20-10-+0 JO1 sWwe S09 1d0d
92104 [elXy [43 L0 L'l LSELLGL0L1Y | 11 100-10-10-+0 401 Swe 0S¥ 100y
Hasu| JeaN Z< 0L'0 6t'9 1SELLGL0LIV 11200-20-#0 401 swe JNOOJAINOH € NIMS
Hasu| JeaN Z< 200 [454 1Sell G20 IV 17 100-20-¥0 401 swe HNODAINOH | NINS
$}j0qQ JESN Z< 91’0 0Ll 1S€L1LGL0L IV 1T£00-L0-¥0 401 swe WVY3g HaNH0D
§]|og JeaN 710 0 88°6¢ 1Sel1 GL0L IV 11200-L0-¥0 4O1 swe g Ny3d
8]0 JeaN ] S0 09°0E LSEL1 G0 Y 17 100-1L0-+0 401 swe vV N34
Z =4S $S9J]s s|qemo|e | [I1sy] ssang
suaWWwon | ajeuoney :o%.ﬂuwﬁ_mm_o (syewnn) 0} ssans Jwj| ?|Isua] :Wamﬁw._m Jaquinp Buimeag W3ll
d Alages jo uibieyy | paydde jo oney XEN PUE [BLISTEN
FJENLONAULS NIVIN 404 M3IATY AL34dVYS HO4 319VYL "€ XINNVY
A 7 VIS JOVdS 1ZZVAVD 01dYD
e Buibed LHOdTH SISATYNY “IVHNLONYLS 401 HIMOT
POIS0I6T oo b e L_'
oo IW3LSAS HOIY Y
210-855-d4-5A801Y _won_ N




